Tumor suppressor p53 plays a key role in maintaining genomic integrity and tumor suppression [1, 2] . Disruption of p53 function is often a prerequisite for the initiation and/or progression of tumors [3, 4] . p53 can respond to a wide variety of stress signals, such as DNA damage, hypoxia, nutritional deprivation, impaired ribosome biogenesis, and the activation of oncogenes. As a transcription factor, once activated, p53 binds to the p53-responsive elements in its target genes and transcribes these genes to start various cellular responses, including cell cycle arrest, apoptosis, senescence, DNA repair, metabolism, and antioxidant defense [1, 2] . Due to the central role of p53 in regulating above-mentioned critical biological processes, the p53 protein levels and functions are tightly regulated in cells, which is primarily achieved through different types of posttranslational modifications, including ubiquitination, phosphorylation, acetylation, methylation, sumoylation and neddylation. Ubiquitiation degradation is the most important post-translational modification for p53 [2, 5] . E3 ubiquitin ligase MDM2 is the most critical negative regulator for p53. As a direct p53-regulated gene, MDM2 is transcriptionally induced by p53. In turn, MDM2 binds to p53 protein and degrades it through ubiquitination. Thus, MDM2 and p53 form a negative feedback loop to regulate p53 levels and functions in cells [6, 7] . The critical role of MDM2 in negative regulation of p53 was clearly demonstrated by the embryonic lethality of MDM2 knockout mice that can be rescued by further p53 knockout [8, 9] . In addition to MDM2, many other E3 ubiquitin ligases that target p53 have been identified, such as Pirh2, Cop1, ARF-BP1, CHIP, etc, which all contribute to the tight regulation of p53 protein levels and activities in cells [2, 10] .
RESEARCH HIGHLIGHT
TRIM (tripartite motif-containing) family proteins have more than 70 members in humans. TRIM proteins are characterized by a RING domain, one or two B-box (zinc-binding motifs) domains and an associated coiled-coil domain [11] [12] [13] . Many TRIM proteins can function as E3 ubiquitin ligases due to the presence of the RING domain. Although the biological functions of majority of TRIM proteins are not well-understood, the TRIM family proteins have been reported to be involved in a broad range of biological processes, including cell proliferation, differentiation, apoptosis, development, muscular physiology, innate immune response and tumorigenesis [11] [12] [13] [14] .
Interestingly, recent studies found the close interaction and communication between TRIM family proteins and the p53 signaling pathway. Many TIRM proteins have been identified as positive or negative regulators for p53 through different mechanisms. At the same time, p53 has been reported to transcriptionally regulate the expression of a group of TRIM genes ( Figure 1 ). For instance, TRIM24, TRIM28, TRIM29 and TRIM32 negatively regulate p53 protein levels and/or its function. TRIM24 was identified as an E3 ubiquitin ligase for p53, which interacts with p53 and mediates the ubiquitination and degradation of p53 [15] . At the same time, p53 induces the expression of TRIM24 in response to DNA damage [16] . TRIM28 (also known as KAP1) interacts with MDM2 and promotes MDM2-mediated ubiquitination and degradation of p53 [17] . The interaction of TRIM28 with MDM2 also stimulates the formation of HDAC1 and p53 complex and thereby promotes p53 deacetylation [17] . Acetylation of p53 has been reported to stimulate DNA-binding activity of p53 which promotes p53 transcriptional activity and at the same time inhibit p53 ubiquitination [18, 19] . TRIM29 (also known as ATDC) interacts with p53, which in turn sequesters p53 outside of the nucleus, leading to the repression of p53 transcriptional activity towards its target genes, such as p21 and Noxa [20] . In addition, TRIM29 binds to Tip60, a cellular acetyltransferase protein, and promotes the proteasomal degradation of Tip60 and reduces the nuclear localization of Tip60. Thus, TRIM29 decreases the acetylation of p53 at lysine 120 by Tip60 and negatively regulates p53-mediated apoptosis [21] . However, it is still unclear how TRIM29 promotes the proteasomal degradation of Tip60 since TRIM29 lacks the RING domain and does not function as an E3 ubiquitin ligase itself [21] . Our recent study showed that TRIM32 is an E3 ubiquitin ligase for p53; TRIM32 interacts with p53 and mediates the ubiquitination and degradation of p53 especially in response to stress [22] . In turn, p53 binds to the p53 responsive element in the promoter region of the TRIM32 gene and induces its expression under stressed conditions [22] . Thus, TRIM32 form a negative feedback loop with p53 in cells to reduce p53-mediated cell cycle arrest, apoptosis and senescence in response to stress [22] .
In addition to the negative regulation of p53 by TRIM proteins, a group of TRIM proteins, including TRIML2, TRIM8, TRIM13 and TRIM19, has been reported to positively regulate p53 (Figure 1 ). For instance, TRIML2 interacts with p53 and enhances p53-SUMOylation by SUMO2. Thus, TRIML2 enhances the p53 transcriptional activity towards a group of pro-apoptotic target genes associated with prolonged oxidative stress, including PIDD, PIG3 and PIG6 [23] . At the same time, TRIML2 is a p53 target gene and can be induced by p53 in response to DNA damage [23] . TRIM8 interacts with p53 and blocks the interaction between MDM2 and p53 to stabilize p53 [24] . Furthermore, although TRIM8 does not physically interact with MDM2, TRIM8 induces the degradation of MDM2 with an unknown mechanism. Thus, TRIM8 stabilizes and activates p53, leading to the increased expression of p53 targets p21 and GADD45, which induces cell cycle arrest and inhibits cell proliferation [24] . Furthermore, TRIM8 can be induced by p53 activation in response to stress, such as UV radiation [24] . E3 ubiquitin ligase TRIM13 (also known as RFP2) interacts with MDM2 and AKT to induce ubiquitination and degradation of MDM2 and AKT, which in turn stabilizes p53 and promotes p53-mediated apoptosis [25] . In addition, TRIM19 (also known as PML) activates p53 through recruiting p53 into the PML nuclear bodies and blocking p53 ubiquitination and degradation by MDM2 [26] . Furthermore, TRIM19 is a direct p53 target, which can be induced by p53 in response to stress [27] .
In conclusion, recent studies as described above have clearly demonstrated the close interaction and communication between the p53 signaling pathway and TRIM family proteins. Through the transcription regulation of many TRIM proteins, p53 regulates the functions of many different TRIM proteins, especially in response to stress. In turn, many TRIM family proteins induce either degradation or stabilization of p53 to regulate p53 protein levels and functions. Furthermore, p53 and TRIM proteins form many different negative or positive feedback loops to tightly regulate p53 function in cells. Thus, the communication between the p53 and TRIM family proteins has revealed new mechanisms for p53 regulation in cells. Considering the critical role of p53 in tumor suppression, this communication between p53 and TRIM family proteins also further highlighted an important role of TRIM proteins in cancer by either promoting or preventing tumorigenesis. In addition to tumor suppression, recent studies have revealed that p53 is also involved in many other biological processes and diseases, including reproduction, metabolism, longevity, neurodegenerative diseases and diabetes [2] . By regulating p53, TRIM family proteins could be also involved in these biological processes and diseases in addition to tumorigenesis. Future studies should reveal more interactions between the p53 signaling pathway and TRIM family proteins and shed further light on their underlying mechanisms, which could lead to the discovery of new therapeutic targets and strategies for cancer and other diseases.
